To increase understanding of the etiology and epidemiology of nicotine dependence among adolescent smokers, the present study examined the occurrence and development of distinct nicotine dependence symptom profiles in a sample of adolescent smokers. A total of 25 secondary schools throughout the Netherlands participated in a 1-year longitudinal study. Multiple dimensions of nicotine dependence were assessed, at two time points, among 641 adolescents (aged 14 -17 years) who were classified as smokers. Results showed 4 distinct, yet stable, nicotine dependence subtypes that could be characterized by quantitative as well as qualitative differences. The symptom profiles were similar for males and females but differentially associated with previously identified correlates of nicotine dependence, namely parental smoking, peer smoking, and depressive mood. Finally, differential links of the 4 subtypes were found with regard to smoking uptake and cessation. The finding of qualitative different subgroups of adolescent smokers may have important implications for intervention efforts regarding nicotine dependence and smoking cessation. Such efforts may need to be tailored to the specific subgroups' needs.
Adolescent smokers are known to experience symptoms of nicotine dependence, even if their exposure to cigarette smoking has been relatively short and intermittent (DiFranza et al., 2000; Kandel, Hu, Griesler, & Schaffran, 2007) . Tobacco is a highly addictive substance, and the occurrence of dependence symptoms has been found to interfere with adolescents' readiness and ability to quit smoking (Kleinjan et al., 2008; Prokhorov et al., 2001) . Because of the detrimental health effects of smoking and the alleged significance of dependence in adolescent smoking persistence, a better understanding of nicotine dependence in adolescents is important.
Nicotine dependence is perceived to be a complex disorder, and although progress has been made in identifying the nature and development of adolescent nicotine dependence, there is a need for additional progress. Among adolescent smokers, there is evidence indicative of individual variation in the occurrence and intensity of nicotine dependence symptoms, with some adolescent smokers appearing to be more susceptible to the development of specific symptoms than others (DiFranza et al., 2000) . Not everybody who is exposed to nicotine becomes dependent. Also, daily smoking does not appear to be a prerequisite for the occurrence of craving and withdrawal symptoms in adolescent smokers. DiFranza and colleagues (2000) found that almost two thirds of all adolescent daily smokers and half of all adolescent occasional smokers experienced craving and withdrawal symptoms. The sensitizationhomeostasis model (SHM; DiFranza & Wellman, 2005 ) offers a theoretical framework to explain individual variations in regard to the occurrence and development of nicotine dependence symptoms. The SHM argues that the individual susceptibility to develop specific nicotine dependence symptoms can, in addition to smoking habits, be explained by genetic and biological vulnerability. Therefore, we might expect to find distinctive groups of adolescent smokers that differ with regard to the occurrence of craving and withdrawal symptoms, partly independent of their smoking habits. A refinement of the features of adolescent nicotine dependence by identifying whether there are subgroups that show distinct quali-tative differences in the occurrence of important features of nicotine dependence may provide important insights into the nature and etiology of the disorder. It may also provide important insights with respect to differentiated interventions.
However, the subtypes of adolescent smokers with distinct nicotine dependence symptoms that could be found at one point in time may not be stable, given that symptoms may still be developing in these "young" smokers. In consequence, adolescent smokers could move in and out of the different subtypes over time in an unpredictable manner. Conversely, they could move from one subtype to another in an orderly manner or remain stable. According to the SHM, nicotine dependence symptoms typically appear in a specific order, with craving commonly being the first symptom of dependence; it even occurs before physiological withdrawal-related adaptations develop. There are indeed studies showing that craving occurs within days after initiating smoking in individuals who display no symptoms of withdrawal or tolerance (DiFranza et al., 2000) . Furthermore, the SHM proposes that craving typically intensifies during withdrawal, but it attributes craving and withdrawal to separate mechanisms. This is consistent with previous findings that smokers can experience craving without withdrawal (DiFranza et al., 2000) . Contrary to craving and withdrawal symptoms, tolerance is considered to develop more slowly. Tolerance is usually operationalized in terms of smoking behaviors (e.g., frequency). It takes youth on average 2 years to develop moderate daily use (Leventhal & Cleary, 1980) . However, as tolerance increases, the duration of relief offered by each cigarette shortens progressively. If cigarette consumption is not restrained, craving and withdrawal symptoms might become more manifest. On the basis of the tenets of the SHM, among adolescent smokers, we thus might expect to find a group that displays craving independent of behavioral aspects of dependence such as the frequency of cigarette consumption. Furthermore, we could expect to find a group that, independent of behavioral aspects of dependence, displays both craving and withdrawal symptoms. Finally, it could be expected to find a group that displays craving, withdrawal symptoms, and high scores on behavioral aspects of nicotine dependence. The developmental progression as proposed in the SHM might be indicated by the pattern of transition probabilities from one time point to another. We expect that adolescent smokers who display only craving are most likely to transfer to the "craving and withdrawal" group. In turn, the craving and withdrawal group may most likely transfer to the "craving, withdrawal and behavioral aspects" group. Moreover, we explore whether some subtypes of dependence are more prone than others to overcome dependence and quit smoking altogether between the two time points.
The goal of the present study is thus to integrate a symptom profile and a developmental approach based on assessments of nicotine dependence symptoms from two time points. By using a multidimensional measure encompassing items indicative of behavioral aspects of nicotine dependence, craving, and withdrawal symptoms experienced during periods of abstinence (Kleinjan et al., 2007) , we assessed whether distinct subtypes with different profiles could be identified. In accordance to the SHM framework, these profiles would differ quantitatively, but also qualitatively, in regard to the combination of specific nicotine dependence symptoms and their possible evolution over a 1-year period. Quantitative differences in profiles are indicated by differences in mean levels of indicators across subtypes, and thus they indicate an underlying dimension of degree of dependence. Qualitative differences are indicated by differences in patterns of indicator levels. For example, if the levels of the indicators pertaining to one dependency dimension (e.g., withdrawal) are high for subtype A and low for subtype B, whereas the levels of the indicators of another dependency dimension (e.g., behavior) are low for subtype A and high for subtype B. Such qualitative differences in profiles would indicate that the profiles do not simply break down a single dimension of degree of dependence. Moreover, differential associations of the subtypes with covariates provide evidence for qualitative differences with respect to subtypes (Bauer & Curran, 2003) . Previously identified covariates of the development of nicotine dependence in adolescence include gender, exposure to smokers in the proximate social environment, and psychological characteristics. Nicotine dependence is generally higher among girls than among boys (e.g. DiFranza et al., 2002a) . Additionally, adolescents whose parents are smokers are more likely to report higher levels of nicotine dependence (Kleinjan et al., 2009) . It is also reported that having smoking peers is associated with higher levels of nicotine dependence in adolescents (Hu, Davies, & Kandel, 2006; Kleinjan et al., 2009 ). Finally, a well-documented finding regarding nicotine dependence is its comorbidity with depressive mood (e.g. Lerman et al., 1996; O'Loughlin et al., 2002) .
To our knowledge, studies on nicotine dependence symptom profiles have focused almost solely on (young) adults (Storr, Reboussin, & Anthony 2004; Storr, Reboussin, & Anthony, 2005; Xian et al., 2005; Xian et al., 2007) . One study examined nicotine dependence symptoms 1-2 years after initiation of smoking among respondents aged 10 -29 years (Storr, Zhou, Liang, & Anthony, 2004) . However, although the study included adolescents, its focus was not on identification of possible qualitatively different subtypes of nicotine dependence within a population of adolescent smokers. We are not aware of any study examining the occurrence, stability, and development of subtypes of nicotine dependence in such a population sample.
To conclude, the aims of this study were to examine whether (1) empirically derived profiles of nicotine dependence symptoms exist within a population sample of early adolescent smokers, (2) these profiles differ with respect to well-established correlates of nicotine dependence, (3) the different dependence profiles are stable over a 1-year interval, (4) transitions between subtypes are indicative of a developmental progression pattern (5) certain subtypes are more likely to stop smoking, and (6) subtypes perform better than a quantitative index of nicotine dependence (i.e., sum score of all items) in predicting smoking cessation.
Method Sample
The data of the present study pertain to the third and fourth waves of a larger longitudinal study that started in January 2003, focusing on psychological and environmental processes in relation to tobacco use among Dutch adolescents. After random selection from the telephone book, schools in four regions of the Netherlands were randomly selected and approached to take part. The majority of schools were willing to cooperate. The main reason given by schools for refusal to join this study was participation in other studies. A total of 25 schools participated in all four measurement waves. In the fall of 2004, at the time of the third wave, data were collected for 6,750 respondents aged 13-18 years (M ϭ 14.8, SD ϭ 0.88). In the fall of 2005, at the time of the fourth wave, 4,940 respondents participated again (response rate ϭ 73.2%). Because the different nicotine dependence features were only assessed at the third and fourth waves, in the present study the third wave represent the first time point (T1) and the fourth wave will represent the second time point (T2). Sickness, truancy, leaving school, and repeating class were reported by teachers as the primary causes for nonresponse (for more details about the study see Van de Ven, Van den Eijnden, & Engels [2006] ). The local medical ethical committee (CMO Arnhem-Nijmegen) approved this study.
Adolescents were considered smokers if they indicated to have smoked at least once during the past month. A total of 850 of the 4,940 respondents (17.2%) indicated at T1 that they had smoked at least once in the past month, whereas 1,026 respondents (20.8%) indicated that they had smoked at least once in the past month at T2. Of the original 850 adolescent smokers at T1, 209 were no longer classified as smokers at T2. Conversely, 385 adolescents were classified as smokers at T2, whereas they were labeled nonsmokers at T1. A total of 641 respondents thus indicated that they had smoked at least once in the past month at both time points. Because the different aspects of nicotine dependence were only assessed for respondents indicating to have smoked during the past month (nonsmokers were instructed to skip this section), the 641 who had smoked at both time points were included in the main analyses. Of these 641 smokers, 55.1% were female. The mean age was 14.99 (SD ϭ 0.85; range ϭ 14 -17) at T1, and 15.98 (SD ϭ 0.81; range ϭ 15-18) at T2. A total of 42.6% received preparatory vocational training, 16.1% received junior general secondary training, 27.7% received senior general secondary education, 13.1% received university preparatory training, and 0.5% reported receiving some other form of education.
Procedure
Respondents completed questionnaires during school hours. Students were informed that the data would be processed confidentially (i.e., respondent-specific codes were used to link the data from one point in time to the next). To assure confidentiality, we gave each participant an unmarked envelope in which to return the completed questionnaires. In addition, respondents were informed that participation was voluntary, not obligatory.
Attrition Analyses
Attrition analyses on gender, age, education, and smoking status, revealed differences between the respondents who participated in both waves and those who dropped out. Respondents who dropped out were more likely to be boys, to be older, to have general secondary training, and to be smokers. Although significant, the explained variance by these variables was very limited (i.e., 2%).
Measures
Nicotine dependence. The nicotine dependence measure consisted of a newly developed multidimensional scale based on both the modified Fagerströ m Tolerance Questionnaire (mFTQ; Prokhorov, Pallonen, Fava, Ding, & Niaura, 1996) and the Hooked on Nicotine Checklist (HONC; DiFranza et al., 2002b) . The 11-item scale was validated in a study by Kleinjan and colleagues (2007) , showing that combining items from the mFTQ and the HONC results in three distinct dimensions: (1) behavioral aspects of nicotine dependence, (2) craving, and (3) distress or withdrawal symptoms experienced during abstinence. The multidimensional model was subsequently replicated in a second sample using confirmatory factor analyses. The study found evidence for convergent validity. In the present study, Cronbach's alphas for the three subscales were 0.77 at T1 and 0.77 at T2 for behavioral aspects of nicotine dependence, 0.84 at T1 and 0.81 at T2 for craving, and 0.81 at T1 and 0.85 at T2 for withdrawal symptoms experienced during abstinence. Correlations between the subscales were moderate, ranging from .30 to .58. Descriptions of the 11 items and the respective response scales are presented in Table 1 (see also the Appendix). All items with answer categories that were not scaled to range from 1 to 4 were rescaled to range between 1 and 4. This method ensures that each item contributes an equal amount of weight to the scale.
Parental smoking. Two items assessed parental smoking behavior: "Does your mother smoke?" and "Does your father smoke?" These items could be scored on a 7-point scale on which 1 ϭ no, not at all, 2 ϭ yes, but less than one cigarette a day, and 7 ϭ yes, more than 31 cigarettes a day. Adolescents' proxy reports on parental smoking have been found to be valid indicators of parents' lifetime and current smoking status (e.g., Harakeh, Engels, De Vries, & Scholte, 2006) .
Peer smoking. Two items were used to assess peer smoking status: "Does your best friend smoke?" and "How many of your friends smoke?" The first item could be scored on a 7-point scale on which 1 ϭ no, not at all, 2 ϭ yes, but less than one cigarette a day, and 7 ϭ yes, more than 31 cigarettes a day. The second item could be scored on a 5-point scale ranging from 1 (none of them) to 5 (all of them).
Depressive mood. Depressive mood was measured with the six-item Depressive Mood List (DML; Kandel & Davies, 1982 ; for a Dutch version used in adolescents, see Engels, Finkenauer, Meeus, & Dekovic, 2001 ). Cronbach's alphas were 0.81 and 0.82 at T1 and T2, respectively. Answers were given to the following question, "How often do you experience the following feelings?" Example items included "too tired to do things" and "felt hopeless about the future." The six items could be scored on a 5-point scale ranging from 1 (never) to 5 (often).
Strategy of Analyses
Latent class analysis (LCA). We applied LCA to examine whether empirically derived profiles of nicotine dependence exist within a population sample of adolescent smokers, using the software package Mplus 4.1 (Muthén & Muthén, 1998 . A total of 11 items measuring the three types of dependency symptoms (see Table 1 ) were used to generate the latent profiles.
1 The aim of LCA is to explain interindividual differences in item response patterns by a reduced number of groups (latent profiles). The number of classes needs to appropriately represent the data. With respect to LCA, to establish how many latent profiles or classes exist in the sample, it is recommended to select models that make sense in relation to theory, a priori predictions and substantive findings, as well as goodness-of-fit indexes (Marsh, Lüdtke, Trautwein, & Morin, 2009; Muthén & Muthén, 2000) .
A recent simulation study by Nylund, Asparouhov, & Muthén (2006) indicated that the bootstrap likelihood ratio test (BLRT; McLachlan & Peel, 2000) and the Bayesian information criterion (BIC: Schwartz, 1978) are good and consistent statistical indicators for use in determining the number of classes in LCA models. The BIC is a commonly used and trusted indicator for model comparison, where lower values of the BIC indicate a better fitting model. BLRT uses bootstrap samples to estimate the distribution of the log-likelihood difference test statistic. Thus, instead of assuming the difference distribution follows a known distribution (i.e., chi-square distribution), the BLRT empirically estimates the difference distribution (Nylund et al., 2006) . The significance of the BLRT p value is used to assess whether there is a significant improvement in fit between models that differ in the number of classes. In addition, the Akaike information criterion (AIC) and entropy are reported. Final solutions were determined through a careful ad hoc examination of the model selection criteria, as well as substantive considerations such as class interpretability and distinctiveness, representation of reality, and scientific relevance.
We conducted separate LCAs for both time points to determine whether similar profiles emerge at each time point. To ensure the robustness of the identified class structures, we estimated the models for the longitudinal sample of adolescents who were classified as smokers at both time points (n ϭ 641), as well as for the larger cross-sectional samples encompassing all smokers present at both time points (n ϭ 850 at T1 and n ϭ 1,026 at T2). Missing values (between 0.4% and 8.4% per item) were estimated with the expectation maximization algorithm assuming ignorable missingness with missing at random (Little & Rubin, 2002) .
To rule out the possibility that the results may have been confounded by the period of time adolescents had been smokers, we also tested whether class membership differed according to the age of smoking initiation using analyses of variance (ANOVAs). Note. B ϭ behavioral aspect item. a The response categories for the craving (C) and withdrawal (W) items were: 1 ϭ never, 2 ϭ seldom, 3 ϭ sometimes, and 4 ϭ often. b The answer to this item can be regarded as being a result of both craving and withdrawal symptoms.
Test of gender differences in latent profiles. To examine whether the LCA solution for the entire sample showed the same latent class structures and class sizes for boys and girls, we conducted multigroup LCA (MLCA; Geiser, Lehman, & Eid, 2006) . After selecting a latent class model for the entire sample, we tested for measurement equivalence across gender by comparing the fit of three multi-group models with gender as the grouping variable. In all MLCAs, the same number of latent classes was specified for girls and boys. 2 In the unconstrained multigroup model, both the class sizes and the parameter estimates were allowed to differ across gender. In the semiconstrained model, the class sizes were still allowed to vary, but the estimates of the measurement parameters in each class were constrained to be equal for boys and girls. In the fully constrained MLCA, both the class sizes and the measurement parameters were constrained to be equal in both groups. In comparing the fit of the semiconstrained model to the fit of the unconstrained model, one can investigate whether the class structures are the same for both groups. If the semiconstrained model does not fit worse than the unconstrained model, this would indicate that the assumption of metric invariance (i.e., equal estimates of measurement parameters in both gender groups) is tenable (i.e., the structure of the latent classes does not differ for girls and boys).
3 Furthermore, in comparing the fully constrained model to the semiconstrained model, one can test whether there are gender differences in the occurrence of nicotine dependence symptoms. If the fully constrained model does not fit worse than the semiconstrained model, it can be concluded that there are no gender differences in class sizes and, therefore, neither in the occurrence nor manifestation of nicotine dependence symptoms.
Covariates. In this study, we were interested in validating the nicotine dependence classes that emerged on the basis of analysis using the 11 nicotine dependence items. Thus, the LCA models with covariates had fixed class-specific item probabilities, whereas the item probabilities values were fixed at values from the fourclass LCA model without covariates. This was done to ensure that the covariate values were estimated on the basis of the four nicotine dependence classes described earlier.
Latent transition analysis (LTA). The present study also used LTA to study change in class membership across the two time points (Graham, Collins, Wugalter, Chung, & Hansen, 1991; Nylund, 2007) . Similar to LCA, in LTA, profiles are not directly observed but identified with a measurement model. As a result, LTA involves a measurement component that captures the latent profiles and a structural component that models change among the profiles over time. We used the identified LCA models for both time points as measurement models of the LTA. The main objective of LTA is to study the probability of a transition from a profile at one time point to a profile at a later time point (Muthén & Muthén, 2000) . On the one hand, latent transition probabilities can be used to examine the likelihood of individuals remaining in the same latent class over time. On the other hand, using latent transition probabilities, it can also be assessed how likely it is that respondents assigned to a given class at T1, will be found in any of the other classes at T2. In other words, latent transition probabilities can be interpreted as coefficients of class stability and class change. A latent transition probability of 1 for the same class would indicate perfect stability, whereas a latent transition probability of 0 would indicate very low class stability. In contrast, high transition probabilities for class change indicate that it is likely for participants to switch to another class from T1 to T2. We assessed measurement invariance of the indicators across time using a similar approach as that described for the gender groups (Geiser et al., 2006; Lubke & Muthén, 2005) . Specifically, a semiconstrained and a fully constrained model were compared with an unconstrained model.
Smoking initiation and cessation. Using the results of the LCA also within the larger cross-sectional samples that encompassed all smokers present at both time points (n ϭ 850 at T1 and n ϭ 1,026 at T2), we addressed three additional issues: (1) What is the most probable subtype at T2 for adolescents who were classified as nonsmokers at T1 but who initiated smoking between T1 and T2? (2) Which nicotine dependence subtype at T1 is most likely to be classified as a nonsmoker at T2? and (3) Do the subclasses perform better than the sum of all nicotine dependence items in predicting smoking cessation? To assess the first question, latent class membership results were imported from Mplus into SPSS to calculate cross-tabulations. To answer the second and third question, we performed logistic regression analyses using SPSS to predict adolescent smoking cessation at T2. With regard to the second question, smoking cessation was predicted by subtype membership, with the low craving group as the reference category. To answer the third question, we additionally tested the predictive value of a single dimension (i.e., the sum of all dependence items) to predict smoking cessation. To account for uncertainty of membership in the subclasses, we used the posterior probabilities of being member in the respective subclass as weights in the logistic regression analyses (Cote, Vailantcourt, LeBlanc, Nagin, & Tremblay, 2006) .
Results

Descriptives
Descriptive statistics for parental and peer smoking are provided in Table 2 . The mean score on depressive mood at T1 was 2.36 (SD ϭ 0.74) and 2.41 at T2 (SD ϭ 0.74).
LCA
LCA on overall sample. The values for the BIC, AIC, entropy, and BLRT for the one-to six-class solutions are shown in Table 3 for both time points. The results showed that a six-class solution had superior fit at both time points. To avoid overextraction, we selected the more parsimonious four-class model for both time points, although the results showed that a six-class solution had superior fit at both time points. Larger numbers of classes tended to form splinter subtypes. More specifically, in the fiveclass model, the class that scored overall lowest on nicotine de-pendence symptoms was split into two classes with identical profiles (with respect to levels of indicators) that only differed regarding level of endorsement. The fifth class scored higher on each indicator compared with the fourth class. The profiles or class structures, hence, of these subtypes were similar. In the six-class model, in addition to the splitting of the class scoring overall low on nicotine dependence symptoms, the already rather small class scoring overall highest on nicotine dependence symptoms split into two classes with identical profiles. Given the similarity in these split profiles for both time points, we assumed that the fiveand six-class models did not provide an actual gain in information but resulted mostly in smaller class sizes compared with the respective four-class models. To test this assumption, we conducted additional analyses. First, we assessed whether the two low nicotine dependence profiles differed with respect to the covariates and the likelihood of having quit at T2. Second, we examined whether the two highest nicotine dependence profiles differed with respect to the covariates and smoking cessation. Results showed that both the two low nicotine dependence profiles and the two highest nicotine dependence profiles did not significantly differ with respect to the covariates or the likelihood to have quit smoking at T2. In the four-class solution, all classes clearly differed with respect to the covariates and likelihood of cessation. It is, therefore, that we considered the additional fifth and sixth groups to be of limited heuristic value and further examined the four-class model. We thus explored for this model whether the residual covariances among continuous indicators are significant within classes for both time points. For each time point, we thus specified a model that freely estimated the residual covariances within nicotine dependence dimensions. Compared with the four-class models that constrained these estimates to zero, these nested models with relaxed constraints did not yield better model fit as indicated by the relative fit indices (e.g., BIC). We thus accepted the more parsimonious model that did not estimate residual covariances for each time point.
The latent class membership statistics for the two nominal items (i.e. B3: Which cigarette would you hate to give up? and B4: Do you smoke if you are so ill that you are in bed most of the day?) are given in Table 4 for both time points, whereas the latent class profiles for the continuous items are depicted in Figure 1 . The class profiles in Figure 1 show that the first class was composed of adolescents who display hardly or no behavioral symptoms of nicotine dependence and withdrawal symptoms, but who did, to some extent, display symptoms of craving. This first class was estimated for 42.3% (n ϭ 271) of the sample at T1 and 29.6% (n ϭ 190) at T2 and are referred to as "low craving only." The second class was composed of adolescents who display hardly any behavioral symptoms of nicotine dependence, high scores for craving, and intermediate scores for withdrawal symptoms. The second class was estimated for 27.6% (n ϭ 177) at T1 and 33.3% (n ϭ 213) at T2 and are referred to as "high craving and withdrawal." The third class was composed of adolescents who display high scores for craving and behavioral symptoms but low scores for withdrawal symptoms. The third class was estimated for 15.6% (n ϭ 100) at T1 and 17.2% (n ϭ 110) at T2 and are referred to as "high craving and behavioral dependence." Finally, the fourth class was composed of adolescents who scored overall high on the items of withdrawal, craving, and behavioral symptoms of nicotine dependence. This class was estimated for 14.5% (n ϭ 93) at T1 and 19.9% (n ϭ 128) at T2 and are referred to as "overall high dependent."
Studying the class profiles at both time points in Figure 1 reveals that the overall patterns of the four classes were similar at both times. More specifically, whereas in both figures the profiles representing the low craving only class and the overall high dependent class show the same pattern (reflecting mainly differences in degree of dependence), the profiles representing the high craving and withdrawal class and the high craving and behavioral dependence class cross each other. The profiles of these latter two groups show differences in the likelihood of endorsing certain symptoms. For example, the overall high dependent and high craving and behavioral dependence classes report similar symptoms indicative of behavioral dependence, but the classes appear to differ in endorsement of withdrawal symptoms, indicating that the profiles do not simply differ along a severity dimension. When replicating the results for the different latent class models within the larger cross-sectional samples encompassing all smokers present at one of the time points (n ϭ 850 at T1 and n ϭ 1,026 at T2), as opposed to the results regarding the 641 adolescents classified as smokers at both time points, we found virtually identical results.
To assess whether adolescents in the four different classes differed in their smoking behavior, we conducted ANOVAs for T1 and T2. As shown in Table 5 , results showed that the four nicotine dependence profiles differed significantly in the amount of cigarettes smoked per week, with the low craving only class smoking least, followed by the high craving and withdrawal, high craving and behavioral dependence, and overall high dependence classes, respectively. The four nicotine dependence profiles did not differ, either regarding the age of the adolescents or regarding the age of smoking initiation, F(3, 640) ϭ 1.32, ns; and F(3, 640) ϭ 1.71, ns, respectively. The results were similar at T2: F(3, 640) ϭ 0.23, ns; and F(3, 640) ϭ 2.02, ns, for age and age of initiation, respectively.
Gender comparisons. In a next step, we tested whether the four-class LCA solution found for the total sample was equally tenable for boys and girls. We thus estimated three-nested multiple-class LCA models that differed regarding the number of parameter constraints, as described earlier. The BIC values indicated that the fully constrained model, which assumes mea- . Consequently, the four-class solution found for the total sample was equally tenable for both male and female smokers. The distribution of gender thus was also not significantly different (56.3%, 53.6%, 52.1%, and 59.4% of girls in the low craving only, high craving and withdrawal, high craving and behavioral, and overall high dependent classes, respectively, at T1 and similarly at T2).
Covariates. The associations of the six covariates with the nicotine dependence classes are presented in Table 6 . To test whether covariates are differentially related to the subtypes of nicotine dependence, we made comparisons regarding the covariates' links to each class, compared with all other classes as reference class.
At both time points, adolescent smokers who are categorized in the low craving only class were less likely to report smoking of the father, best friend, and a large number of friends, compared with the other three classes. Smoking of the mother did not differentiate between the low craving only class and the high craving and withdrawal class at the second time point and between the high craving and behavioral dependence class and the overall high dependent class at both time points. The odds of experiencing depressive mood were significantly higher for respondents in the high craving and withdrawal class as opposed to the low craving only class only at the second time point. Compared with the high craving and withdrawal class, smoking adolescents in the high craving and behavioral dependence class were more likely to report smoking of the mother at both time points. Moreover, they were more likely to report smoking of the best friend and a large number of smoking friends at the second time point only. However, contrary to the results regarding smoking of the mother, the best friend, and number of smoking friends, adolescents in the low craving only class and high craving and withdrawal class generally had the highest odds of experiencing depressive mood, compared with adolescents in the high craving and behavioral dependence class at both time points. Compared with the high craving and withdrawal class and high craving and behavioral dependence class, adolescents in the overall high dependent class had the highest odds of experiencing depressive mood.
Latent class transitions.
On the basis of the four-class LCAs found for both time points, we specified an LTA model with four classes at T1 and T2. To test the comparability of the LCA models across time, we assessed measurement equivalence. In a manner similar to our testing of measurement equivalence with respect to gender, we estimated three nested LTA models that differed regarding the number of parameter constraints. The BIC values indicated that the semiconstrained model, which assumes metric invariance (equal measurement parameters) with no restrictions on class sizes over time, showed superior fit compared with the unconstrained and fully constrained models (BIC unconstrained model ϭ 28,197.02; BIC semiconstrained model ϭ 27,963.63; BIC fully constrained model ϭ 28,211.59). The result that the class indicators were metric invariant across time points is in line with the similarities in the profiles of the latent classes across time, as depicted in Figure 1 . Comparison of the parameter estimates of the LTA with those obtained for the single LCA models previously discussed also showed the class structures to be very similar. The latent transition probabilities are given in Table 7 .
The results show that the four nicotine dependence classes were relatively stable over time, which can be derived from the fact that all probabilities in the diagonal of Table 7 were above .50 (Geiser et al., 2006) . The most stable classes were the high craving and behavioral dependence class and the overall high dependent class, with transition probabilities exceeding .70. Very few adolescents who were in the high craving and behavioral dependence class or the overall high dependent class at T1 were found in the low craving only class or the high craving and withdrawal class at T2. The least stable class is the high craving and withdrawal class, in which adolescents had relatively high transition probabilities to the high craving and behavioral dependence class (.14) and the overall high dependent class (.22). As for the low craving only class it can be seen that, over time, a large proportion transferred to the high craving and withdrawal class (.28).
Smoking initiation and cessation. Cross-tabulations using the class membership results for the cross-sectional sample encompassing all smokers present at T2 (n ϭ 1,026) and the class membership results for the same sample at T1 including a category of nonsmokers (n ϭ 385), showed that adolescents who had started smoking at T2 had the highest likelihood to be in the low craving only class. Of all the 385 newly classified smokers at T2, 64.7% were in the low craving only class, whereas 20.8% were in the high craving and withdrawal class, 7.8% were in the high craving and behavioral dependence class, and 6.8% were in the overall high dependent class.
Results of the logistic regression analyses showed that subtype membership significantly predicts smoking cessation. Compared with the reference class (i.e., low craving only), members of the high craving and withdrawal class were less likely to quit smoking (odds ratio [OR] ϭ 0.53; confidence interval [CI] ϭ 0.35, 0.81, p Ͻ .01). For adolescents in the high craving and behavioral Similar to subtype membership, a single dimension of nicotine dependence (i.e., the sum score of all dependence items) was predictive of smoking cessation 1 year later as well (OR ϭ 0.93; CI ϭ 0.91, 0.96, p Ͻ .001). However, the explained variance by subtype membership was higher than the explained variance by the sum of all items for dependence (Nagelkerke R 2 ϭ .06 vs. Nagelkerke R 2 ϭ.03). The sum score was highly correlated with the dummy variables (rs ϭ .84, .83, and .76 for the high craving and withdrawal, high craving and behavioral, and overall high dependent classes, respectively, with the low craving only class as reference group).
Discussion
In the present study, four distinct subtypes of nicotine dependence were found that appear to be similar across gender and that can be characterized by qualitative, in addition to quantitative, differences. The findings suggest concurrent validity for the subtypes and stability of the latent class structure over time. The features and development of the four profiles, as well as the potential of the profiles to contribute to the development of effective intervention programs, are discussed in more detail here.
The occurrence of the low craving only profile conforms to the notion of the SHM that craving is commonly the first symptom of dependence and can occur even among novice and irregular smokers. It could be that the low craving only group comprises mostly adolescents who have started smoking fairly recently. Dependence symptoms in this group may therefore not yet be apparent. However, the present study found no association between class membership and adolescents' age or age of smoking initiation, indicating that recent smoking initiation may not fully explain the absence of dependence symptoms other than low cravings. The finding that even smokers in the low craving only class experienced craving to some extent supports the notion postulated by Zhu and Pulvers (2008) that, even in low-frequency smokers, urges to smoke are to be expected. If low-frequency smokers did not experience cravings, they might not have been smoking to begin with. The finding that the items assessing craving were substantially endorsed within all four profiles coincides with the finding of previous studies, namely that craving is one of the most prominent and most reported features of nicotine dependence in adolescents (Bagot, Heishman, & Moolchan, 2007; Rojas, Killen, Haydel, & Robinson, 1998) .
Considering that the behavioral aspects of nicotine dependence are measured by items assessing when, where, and how much one smokes, the occurrence of the high craving and withdrawal class seems to coincide with both the assumptions of the SHM and previous observations among adolescents showing that a regular and more established smoking pattern is not a prerequisite for the occurrence of withdrawal symptoms (Barker, 1993; DiFranza et al., 2000) . The occurrence of the high craving and behavioral dependence class on the other hand, was not predicted on basis of the theoretical framework of the SHM and indicates that there is a substantial group of adolescents who, although they display a considerable behavioral dependence and a high level of craving, do not seem to experience withdrawal symptoms. Withdrawal symptoms are thought to be primarily caused by nicotine deprivation. Although adolescent smokers report experiencing withdrawal symptoms while not engaging in formal quit attempts (Stanton, 1995) , nicotine deprivation seems to be the primary cause of withdrawal symptoms, whereas craving can be activated by environmental cues in addition to deprivation (Corrigall, Zack, Eissenberg, Belsito, & Scher, 2002; Tiffany & Drobes, 1991) . In this regard, high cigarette consumption may ensure that nicotine deprivation, and thereby withdrawal symptoms, are kept to a minimum. On the other hand, the absence of withdrawal symptoms or behavioral dependence may also be associated with specific genetic predispositions. Nicotine dependence symptoms are also known to be substantially heritable also among adolescents (Audrain-McGovern et al., 2007; Vink, Willemsen, & Boomsma, 2005) . Among adults, evidence was found that there are subtypes of nicotine dependence that are more heritable than others (Lessov et al., 2004) . The identification of individual variation in the expression of dependence among adolescent smokers may, therefore, form an important contribution to the understanding of possible underlying genetic and also psychosocial factors (Storr et al., 2005) . However, to better characterize the withdrawal syndrome in novice smokers, and when self-reported withdrawal occurs with a low level of cigarette use, more research is needed on adolescents' self-reports of withdrawal symptoms in the context of low levels of cigarette use. With regard to potential underlying psychosocial factors of dependence, results showed that the low craving only profile and the other three profiles were mainly distinguished by environmental smoking. Exposure to smoking in the social environment seems to increase the risk of experiencing craving and withdrawal symptoms. In addition, elevated withdrawal scores seem to cooccur with higher depressive mood, as adolescents in the high craving and withdrawal class had higher odds of experiencing depressive mood compared with adolescents in the high craving and behavioral dependence class at both time points, and adolescents classified in the overall high dependent class displayed the highest withdrawal scores together with generally higher depressive mood. This is in line with previous research among adults, which found that quantitative differences in nicotine withdrawal were associated with depression (Xian et al., 2005) . The finding that adolescents in the high craving and behavioral dependence class report the lowest level of depressive mood could be partly explained by their high cigarette consumption. By maintaining a high consumption, withdrawal symptoms and also depressive mood might be initially reduced before adolescents develop an overall high dependence.
Our results suggest that environment mainly is associated with the onset of nicotine dependence, whereas the psychological disposition of depressive mood seems to be associated with the establishment of more severe withdrawal symptoms in combination with behavioral symptoms and, thus, an overall high dependence. These findings may be partly explained along the lines of the social learning theory and the diathesis-stress model. As mentioned, according to the social learning theory, people learn from one another through observation, imitation, and modeling (Bandura & Adams, 1977) . According to the diathesis-stress model, behavior is a result of both environmental and biological-genetic factors (Zubin & Spring, 1977) . As a way to demonstrate maturity and win affiliation with peers, adolescents may be more inclined to imitate smoking behavior of parents and friends, thereby risking the occurrence of dependence symptoms. However, when they advance into real maturity, adolescents may turn gradually to a more conventional nonsmoking lifestyle. This change may not occur, or be delayed, when adolescents have additional risk factors besides exposure to smoking in the environment, such as personal dispositions that may be biologically or genetically determined (i.e., higher depressive mood). However, it should be kept in mind that the cross-sectional nature of the analyses make it impossible to draw conclusions concerning the causality of the associations between environmental smoking, depressive mood, and the different nicotine dependence profiles. Longitudinal studies are needed to gain more insight into the assumption that depressive mood might be a marker for developing an overall high dependence.
The assumption that nicotine dependence is not a singular event but rather a dynamic process (Colby, Tiffany, Shiffman, & Niaura, 2000; Kandel et al., 2007) is supported by the results of the LTA. Although the dependence profiles were confirmed 1 year later and showed high stability, a significant proportion of adolescents shifted between the subtypes, mostly advancing in dependence in the order proposed by the SHM. In these cases, craving is typically the first symptom to appear, followed by withdrawal symptoms and eventually behavioral aspects that are indicative of tolerance (i.e., smoking frequency). The latent transition results indeed indicate that the high craving and behavioral dependence class seems to be more proximal to the overall high dependent class, whereas the high craving and withdrawal class seems to be more proximal to the low craving only class. The findings thus provide support for a progression of symptoms along an underlying dimension of increasing severity, from low craving only to craving and withdrawal symptoms, then escalation of smoking to counter withdrawal symptoms with an increase in tolerance but abatement of withdrawal, and finally a strengthening of withdrawal and an overall high pattern.
In summary, although cravings may vary along a dimension of degree or severity, this is not true with respect to the other symptoms. In particular, the configurations of the high craving and withdrawal class and the high craving and behavioral dependence class show differences in the likelihood of endorsing withdrawal symptoms and symptoms indicative of behavioral dependence, thus resulting in qualitative differences. Together, this shows that the LCA provided new insights with regard to the occurrence of nicotine dependence among adolescent smokers. All three symptom types are useful to characterize different types of dependence. Similarly, the classes are not accounted by nonnormality of the data, as indicated by the differential relations with the covariates (Bauer & Curran, 2003) . Finally, the nicotine dependence profiles showed a higher explanatory power with regard to smoking cessation as opposed to a single dimension indicative of the degree of dependence. Together, the nicotine dependence profiles do not simply break down a severity dimension.
Previous studies on the occurrence of nicotine dependence subtypes among (young) adults, with either the Fagerström Test of Nicotine Dependence (FTND: Heatherton, Kozlowski, Frecker, & Fagerström, 1991) or the assessment proposed by the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; American Psychiatric Association [APA], 1994) to measure nicotine dependence, found mostly evidence for the existence of classes that differed along a severity dimension. Storr and colleagues (Storr, Reboussin, & Anthony, 2004 Storr, Zhou, et al., 2004) found three classes: "no dependence," "moderate dependence," and "severe dependence." Xian and colleagues (2007) found four classes: "no dependence," "mild dependence," "moderate dependence," and "severe dependence." Nevertheless, the FTND and DSM-IV are not designed to measure the earlier stages of nicotine dependence but assume that a more established smoking pattern is required to yield the key features of nicotine dependence. These characteristics make them less appropriate for assessing dependence symptoms among irregular smokers or among novice smokers because, among irregular and early smokers, nicotine dependence symptoms may already be present but have not reached a diagnosable level. By using a measure specifically developed to assess multiple features of nicotine dependence among adolescent smokers, in the present study we could distinguish four distinct nicotine dependence symptom profiles that differed qualitatively as well as on a severity dimension.
The identification of different dependence symptom profiles may prove particularly helpful to decrease dependence and to aid smoking cessation because it enables the specific targeting of the different subtypes according to their specific symptoms and correlates. For example, pharmacotherapy may be required to assist those adolescents who have high withdrawal symptoms on nicotine. Although the limited research in this field is inconclusive about the effectiveness of either nicotine replacement therapy or bupropion in aiding adolescent smoking cessation (Killen et al., 2004; Smith et al., 1996) , pharmacotherapy might prove useful for certain subtypes of adolescent smokers, such as subtypes with high withdrawal scores. Adolescents with less severe dependence profiles, on the other hand, may be better targeted by other means, for example, by helping them to identify dependence symptoms and develop effective coping skills to deal with these symptoms. Alternatively, the present subtypes might help us understand why certain individuals benefit from certain types of interventions aimed at smoking cessation whereas others do not.
For the interpretation of the results, we draw attention to several limitations of the study. One limitation may be that our approach to measure nicotine dependence was limited to three dimensions of nicotine dependence. Although our approach included items appropriate for adolescents, such as items derived from the Hooked on Nicotine Checklist (DiFranza et al., 2000) , and assessed clinical features as expressed in the Fagerström tolerance and dependence scales (e.g. Fagerström & Schneider, 1989) , other possible and relevant dimensions of nicotine dependence in adolescents, such as seeking emotional or sensory reinforcement (Johnson et al., 2005) , have fallen outside the scope of this study. A second limitation is that smoking behavior was based on self-reports and not biochemically validated. However, studies have shown agreement between self-reports of smoking and biochemical measures (Prokhorov et al., 2000; Rojas et al., 1998) . A third limitation is that the relations between the four subtypes and the correlates of nicotine dependence were assessed concurrently and thus did not allow inferences about predictive relationships. Finally, attrition analysis indicated a possible underrepresentation of lower educated adolescent male smokers in our sample. A lower educational level was previously found to be associated with higher levels of nicotine dependence (e.g. Hu et al., 2006) . Some caution in interpreting and generalizing the findings to the adolescent smoking population at large is therefore warranted.
To conclude, the present study provides insight into the existence of potentially important subgroups of nicotine dependence among adolescent smokers, which are differentially associated with inter-and intrapersonal characteristics. This knowledge can help determine the expected level of difficulty in quitting smoking, as well as provide important implications for tailoring interventions to effectively target nicotine dependence and aid smoking cessation practices. 
